Purpose: Metastatic renal cell carcinoma (mRCC), as one of the most immunogenic tumors has been the focus of adoptive cellular immunotherapy (ACI), but the effects of ACI on objective response and survival in patients with mRCC are still controversial. Therefore, a systematic review and meta-analysis was performed to address this issue.
Introduction
Cancer immunotherapy attempts to harness the power and specificity of the immune system to fight against cancer and has made two major breakthroughs (Sipulecel-T and Ipilimumab) [1] [2] [3] . Adoptive cellular immunotherapy (ACI), as a promising method of immunotherapy, harnesses the cells that largely expanded in vitro and have intrinsic anti-tumor activity (such as lymphocytes) to eradicate malignant cells [4] . Allogeneic or autologous lymphocytes (autolymphocytes) used by ACI range from tightly defined specificity, e.g., tumor antigen-specific cytotoxic T lymphocytes (CTL) and genetically engineered T cells to broad phenotype and activity, e.g., lymphokine-activated killer (LAK) cells, tumor-infiltrating lymphocytes (TIL) and cytokineinduced killer (CIK) cells, which are heterogeneous effector cell population characterized by co-expression of CD3 and CD56 molecules [5] [6] [7] [8] . ACI for metastatic renal cell carcinoma (mRCC) was first described in 1990 [9] , and then a number of clinical trials with ACI in mRCC patients were completed and the results were released. However, the value of ACI for mRCC remains controversial, especially in tumor regression and prolonging survival. Law [10] et al. and Figlin [11] et al. reported, respectively, that LAK cell or CD8
+ TIL infusion plus IL-2 did not improve the objective response rate and prolong the survival than IL-2 alone. But Liu [12] et al. reported that CIK cell transfusion significantly improved the objective response rate and the survival than IL-2 plus IFN-a-2a. The aim of this study was to do a systematic review and meta-analysis of published RCTs to investigate the efficacy of ACI in patients with mRCC. . Criteria for including studies were treatment of only patients with mRCC, RCTs, ACI versus no ACI, and publication in a regular scientific article (exclusion of abstracts).
Methods

Search Strategy and Selection Criteria
Data Extraction and Quality Assessment
Two reviewers (XYT and TL) independently screened the articles identified in the literature search. Disagreements were resolved by a third reviewer (BZ). The following information was collected from each selected article: publication year, number of patients, sex, objective response rate, regimen of ACI, and the number of patients assessable for 1-, 3-and 5-year survival.
The modified 10-point Jadad scale was used to assess the quality of the trials based on the following items, including allocation sequence generation, randomization concealment, methods of blinding, and descriptions of withdrawals and dropouts.
Statistical Analysis
Statistical meta-analysis was carried out using RevMen 5.2.1 software. Treatment effects are reflected by risk ratios (RR) extracted from objective response, 1-, 3-and 5-year survival. To calculate the pooled RR, the number of responses or survival in each arm was extracted from each study and combined using a method reported by Mantel and Haenszel. A pooled RR.1 indicated higher response or survival rate in ACI arm. To evaluate whether the results of the studies were homogenous, we used the Cochran's Q test (considering homogeneity for I 2 ,50% or P.0.1). The combined RR and 95% CI were calculated with a fixed effect model with no statistically significant heterogeneity existed. All the reported P values were two-sided. P values at ,0.05 were regarded as statistically significant.
Results
4 RCTs, including 469 patients met all selection criteria and were identified (Fig. 1 ). Of these 4 trials, 3 were conducted in the United States and the remaining one was conducted in China. One trial compared autolymphocyte plus cimetidine with cimetidine alone in mRCC patients; two compared, respectively LAK or CD8
+ TIL cell plus IL-2 with IL-2 alone in mRCC patients; the other one compared CIK cell alone with IL-2 plus IFN-a-2a in mRCC patients. The characteristics of each trial are shown in Table 1 .
The Jadad score was 3 for one trial and 4 for the other three.
Toxicity
The distributions of side effects in ACI and control groups were reported in all 4 trials. In general, ACI was generally well tolerated and most of ACI-related adverse reactions were grade 1 or 2 and reversible without additional treatment. However, one trial demonstrated that IL-2 plus LAK cell resulted in more pulmonary toxicity (P = 0.008) and hypotensive episodes (P = 0.051) compared with IL-2 alone [10] . Another trial indicated that the incidences of three toxicities (embolus, apnea and dyspnea) caused by IL-2 plus TIL cell were at least twice than that in IL-2 alone group [11] .
Objective Response
Tumor response data was available in all 4 trials. 2 trials reported that objective response rate in ACI group was significantly better than that in the control group, while the other 2 trials did not find differences between the two groups. The estimated pooled RR for all 4 trials shows a highly significant improvement of objective response for patients with ACI or not (RR = 1.65; 95% CI, 1.15 to 2.38; P = 0.007; Fig. 2 ). The Cochran's Q test had a P value of 0.12 and the corresponding quantity I 2 was 49%, indicating that the heterogeneity among individual studies was acceptable.
1-year Survival
1-year survival data was available in all 4 trials. Two of trials shown that 1-year survival rate in ACI group was significantly better than that in the control group, while the other 2 trials did not found difference between the two groups. The estimated pooled RR for all 4 trials shows a highly significant improvement of 1-year survival for patients with ACI or not (RR = 1.30; 95% CI, 1.12 to 1.52; P = 0.0008; Fig. 3 ). The Cochran's Q test had a P value of 0.58 and the corresponding quantity I 2 was 0%, indicating that there was no evidence of heterogeneity among individual studies.
3-year Survival
3-year survival data was available in only 3 trials. Two of trials indicated that 3-year survival rate in ACI group was significantly better than that in the control group, while the other one trial had similar 3-year survival rate between the two groups. The estimated pooled RR for 3 trials demonstrates that ACI can significantly improve the 3-year survival in patients with mRCC (RR = 2.76; 95% CI, 1.85 to 4.14; P,0.00001; Fig. 4 ). The Cochrane's Q test had a P value of 0.16 and the corresponding quantity I 2 was 46%, indicating that the heterogeneity among individual studies was acceptable.
5-year Survival
5-year survival data was available in only 2 trials. One trial showed that 5-year survival rate in ACI group was significantly better than that in the control group, while another trial did not found difference between the two groups. The estimated pooled RR for 2 trials indicates that ACI can significantly improve the 5-year survival in the patients with mRCC (RR = 2.42; 95% CI, 1.21 to 4.83; P = 0.01; Fig. 5 ). The Cochrane's Q test had a P value of 0.24 and the corresponding quantity I 2 was 28%, showing that the heterogeneity among individual studies was acceptable. Discussion RCC is a relatively rare disease accounting for 2,3% of all malignancies in adults. There are approximately one third of RCC patients has metastatic disease at diagnosis and 30,50% of initially localized RCC eventually metastasize [13] . A number of desirable ACI has been developed to improve the survival of mRCC patients because the median survival of mRCC patients is only 10.2 months [13] , 5-year survival rate is less than 15% [14] and it has been shown that RCC is an immunogenic tumor with response to systemic cytokine therapy, occasional regressions and frequent leukocytic infiltration [13] . However, the value of ACI for mRCC is still unclear. Therefore, this systematic review sought to identify all types of ACI for mRCC and do a meta-analysis. As shown above, our analysis demonstrates that ACI may be a safe, effective treatment that can improve objective response, 1-, 3-and 5-year survival for mRCC.
Two main reasons for the differences between our conclusions and the ones of some original studies are listed as follows. For one thing, one trial focused on clear cell RCC, but the remaining three did not identify subtypes of RCC. It has been shown that RCC has three common histological subtypes, including clear cell (70,80%), papillary (10,15%) and chromophobe (3,5%) [15] , and clear cell RCC appears to be the only histological subtype, which is responsive to immunotherapy [16] . For another, autolymphocytes, LAK, CD8
+ TIL or CIK cells may have different effect on mRCC. Although mechanisms of anti-tumor action of these cell products are all based on cytotoxic effects of lymphocytes, especially T lymphocytes and NK cells, cell characteristics (e.g. cell dosage and cell phenotype) vary greatly from one infusion product to another and it may result in variable anti-tumor effect [17] . Take T lymphocyte phenotype for example, one trial did not report cell phenotype of transfusion cells and percentage of T lymphocytes of cell products in other three trials are 49.6%, 91.8617.4% and 81.0669.22%, respectively (Table 1) . Therefore, our analysis has different conclusions in objective response and survival comparing with the ones from some original trials.
There are three major limitations in our study. To begin with, our analysis was based on published data from 4 RCTs with different ACI protocols. As mentioned above, the clinical effect of ACI on cancer treatment relies on cytotoxicity mediated by T lymphocytes or NK cells and is determined in part by the infusion dosage of these cytotoxic cells. But data on cell dosage and phenotype of infusion products were variable (Table 1 ). In addition, ACI groups of two studies also used IL-2 and it may improve the objective response because IL-2 has been shown to induce objective response in patients with RCC [18] . Moreover, the Jadad scores of included trials were 3 and 4. Some studies did not clearly report randomization, allocation concealment, blinding or withdrawals and dropouts, and it may lead to distribution and implementation bias in current meta-analysis. Finally, there were race differences between patients in this meta-analysis. Three RCTs were conducted in the United States, while the remaining one was in China. Therefore, the reliability of this systematic review and meta-analysis might be influenced by these factors and the results have to be interpreted with caution.
ACI has been introduced in the clinic for several decades and has proven to be feasible, less-toxic and effective in some patients, especially leukemia [19] , melanoma [20] , hepatocellular carcinoma [21] and RCC. However, ACI has not yet been approved as a standard treatment for solid tumors due to some obstacles to achieving efficacy. First, ACI is highly personal and doesn't fit into the paradigm of drug development. As we all know, a drug is created for every patient and can be used off-the-shelf, but ACI uses a patient's own cells to treat them and must be used in a personalized way [22] . On the other hand, the personalized ACI means high expense, for example, the TIL cell production costs range from $20,000 to $25,000 per patient, and leads to less enthusiasm for investment from biotech companies [22] [23] . Thus, collaborative efforts between biotech companies, blood banks and academic institutions will enhance the development of ACI. Second, objective response induced by ACI is traditionally assessed by WHO or RECIST criteria, but these criteria may not be suitable for ACI since they were developed based on chemotherapy. ACI and chemotherapy have completely different mechanisms for fighting cancer. The former exerts its effect on immune system and is characterized by a new kinetics based on cellular immune response followed by changes in tumor burden or survival time, while the latter acts directly on tumor cells and results in tumor shrinkage in a few weeks of initial administration [24] . A novel immune-related response criteria (irRC) was already recommended to assess immunotherapy clinical activity by Cancer Research Institute Cancer Vaccine Consortium in 2009 [25] . Third, identification of TAAs, especially patient-specific tumor antigens is inadequate. Most current effector cell populations used for ACI are not tumor antigen specific (e.g. LAK or CIK cells) due to lack of TAAs. This problem might be addressed by routine DNA sequencing techniques in the future [26] . Fourth, methods for improving ACI are required to integrate into clinical protocols, for example, prior lymphodepletion. According to Rosenberg SA's experiences in advanced melanoma, lymphodepletion before TIL cell transfer is essential because it can get rid of regulatory elements (e.g. regulatory T cells or myeloid-derived suppressor cells) in tumor microenvironment and eliminate endogenous lymphocytes that consume homeostatic cytokines like IL-7 and IL-15, which are responsible for sustaining transferred TIL cell survival [26] . Fifth, physician's understanding of cell quality of ACI-based products is inadequate. Some studies did not report quality controls, which are composed of microbiological controls and purity, morphology, phenotype, number and viability of infusion cells in detail [10] . Therefore, we are unable to compare directly the results of individual studies and unable to optimize the protocols with ACI. In summary, the above obstacles to successful ACI should be overcome. Only after resolving these problems, can ACI finally be made available to patients with solid tumor as a standard option.
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